Dithranol-induced cytotoxicity in primary cultures of rat epidermal keratinocytes. I. The role of reactive oxygen species.
Primary cultured rat epidermal keratinocytes were used as an experimental model to detect oxidant-mediated adverse effects of dithranol (anthralin), a widely used antipsoriasis drug with tumor-promoting and skin-irritating properties. Keratinocytes were isolated and prepared from the skin of neonatal rats by a trypsin flotation method. Highly proliferative monolayer cells cultured in a serum-free medium were exposed to the test compound at concentrations (5-100 microM) used therapeutically for the treatment of skin disorders. Cytotoxicity was evaluated by changes in plasma membrane integrity (lactate dehydrogenase leakage), lysosomal function (neutral red uptake), and mitochondrial metabolic activity (reduction of 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide, MTT). Exposure of keratinocytes to dithranol produced time- and concentration-related toxic responses. MTT reduction was found to be a more sensitive endpoint of cytotoxicity, showing significant toxic effects at 2 hr, while significant leakage of lactate dehydrogenase did not result until 6 hr. Oxygen consumption in keratinocytes and isolated mitochondria showed a similar pattern after exposure to dithranol. Increased cyanide-insensitive respiration was also noted. Oxidative stress, measured by superoxide anion-dependent reduction of nitroblue tetrazolium, occurred before dithranol produced cytotoxicity in the keratinocyte cultures. Superoxide formation, which increased with time after dithranol exposure, was detected both extracellularly and intracellularly and was inhibited by the addition of superoxide dismutase. Dithranol-induced cell injury was partially prevented by treatment with superoxide dismutase, and greater protection was shown by concurrent treatment with superoxide dismutase plus catalase. These findings suggest that the superoxide anion and hydrogen peroxide may be involved in the cytotoxicity of dithranol and that a culture system of rat keratinocytes may be useful in evaluating the mechanism of toxicity of dermatotoxicants.